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(57) ABSTRACT 

A seal structure between a first member that has a recessed 
section and a second member that has a protruding section 
on its rear surface and is provided on its front surface with 
an elastomer covering layer so that the protruding section is 
inserted into the recessed section. The second member is 
provided with a through-hole that passes through the second 
member and is formed in positions located at a circumfer- 
ential edge of the protruding section of the second member. 
The second member is further provided with a tubular 
covering layer of an elastomer, the tubular covering layer 
being formed on the outer circumference of the protruding 
section so that the tubular cover layer is continuous of the 
covering formed on the front surface of the second member 
via the through-hole. 

3 Claims, 6 Drawing Sheets 
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FIG. 1A 
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FIG. 2A 
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FIG. 4 
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FIG. 6 
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SEAL STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a seal structure between 
two members and more particularly to a seal structure 
comprised of a recessed sections of first member and pro- 
truding sections of second member. 

2. Prior Art 

FIG. 9 shows a conventional example of a seal structure 
between two components connected by screws. In this seal 
structure, a first member 10 and a second member 12 are 
combined with the back surface of the second member 12 
fitted against the front surface of the first member 10. Then, 
these two members 10 and 12 are formed into a single unit 
using a screw 14. 

More specifically, in the front surface of the first member 
10, a recessed section 16 is formed; and a protruding section 
18 that has a shape fitting into the recessed section 16 of the 
first member 10 is formed in the back surface of the second 
member 12. The protruding section 18 is inserted into the 
recessed section 16. Moreover, the screw 14 is screwed into 
a screw hole 22 formed in the tip end of the protruding 
section 18 from an opening 20 formed in the bottom of the 
recessed section 16. By way of this screw 14, the second 
member 12 is pulled against the first member 10, and these 
two members are formed into a single unit so that the front 
surface of the first member 10 and the back surface of the 
second member 12 are in contact with each other. 

In the above structure, when an airtight or watertight seal 
is to be formed between region A of the front surface of the 
second member 12 and region B of the back surface of the 
first member 10, a seal is employed. The seal is provided 
between the back surface of the second member 12 and the 
front surface of the first member 10 inside the recessed 
section 16. In this case, the external diameter of the pro- 
truding section 18 is made smaller than the internal diameter 
of the recessed section 16, so that there is a gap between the 
outer circumferential surface of the protruding section 18 
and the inner circumferential surface of the recessed section 
16. An O-ring 24 that is thick enough to fill this gap is 
mounted on the protruding section 18, and the protruding 
section 18 is inserted into the recessed section 16. A seal is 
thus formed by the O-ring 24. 

However, in the above -described conventional seal 
structure, the O-ring 24 needs to be mounted on the pro- 
truding section 18. As a result, the overall amount of work 
required for obtaining the sealing increases. Furthermore, 
even after the O-ring 24 is mounted on the protruding 
section 18, the O-ring 24 is anchored merely on the pro- 
truding section 18 as a result of being tightened against the 
protruding section 18 by its own radial contractive force. 
Accordingly, if an external force that causes the O-ring 24 to 
slide along the outer circumferential surface of the protrud- 
ing section 18 against the radial contractive force is applied, 
the O-ring 24 would slip off of the protruding section 18. 

There are various kinds of household electrical appliances 
(products consisting of resin molded articles, electric 
shavers, driers, electric hair-trimmers, electric toothbrushes, 
information terminals such as portable telephones, etc.) that 
are comprised of two elements combined as in the above- 
described first and second members 10 and 12. In one 
.example, a covering layer made of an elastomer (e.g., a 
cosmetic layer) is disposed on the front surface of one 
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member to form an outer panel, and this outer panel is 
attached to the front surface of another member mat is a 
main body casing of an electrical product. 

In this household electrical product, at least the member 

s that is the outer panel is made from a resin molding in order 
to reduce the weight of the product. When a covering layer 
is formed on the surface of the outer panel, the covering 
layer of an elastomer is integrally formed on the surface of 
this outer panel by insert molding method. 

30 The elastomer that forms the covering layer is a polymer 
that has rubber-like elasticity at ordinary temperatures, and 
it includes natural rubbers, any of various types of synthetic 
rubbers, reclaimed rubbers, aery he resins, etc. The inventor 
of the present application believed that it would be possible 

15 to use such an elastomer as a sealing material instead of 
O -rings 24. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to solve 

20 the above-described prior art problems. 

More specifically, the object of the present invention is to 
provide a seal structure in which an elastomer that consti- 
tutes a covering layer formed on the surface of a constituting 
element of, for instance, an electric appliances, used as a 

25 sealing material, thus eliminating the use of O-rings. 

The above object is accomplished by a unique -structure of 
the present invention for a seal structure between a first 
member and a second member that are assembled into a 

30 single unit so that a protruding section formed in the second 
member that has a covering layer of an elastomer formed on 
its front surface is fitted into a recessed section of the first 
member; and in the unique structure of the present invention, 
a through-hole that passes through the second member is 

35 formed in a position that corresponds to the circumferential 
edge of the protruding section of the second member, and a 
tubular covering layer of the elastomer is formed on the 
outer circumferences of the protruding section so that the 
tubular cover layer is continuous with the covering layer of 

4 0 the front surface of the second member via the through-hole. 
With the structure above, the covering layer that covers 
the outer circumference of the protruding section contacts 
tightly to both the outer circumferential surface of the 
protruding section and the inner circumferential surface of 

45 the recessed section when the protruding section is inserted 
into the recessed section. Consequently, the space between 
the protruding section and the recessed sections is sealed. 
Furthermore, when the covering layer is formed on the 
surface of the second member by insert molding, the cov- 

50 ering layer is simultaneously formed on the outer circum- 
ference of the protruding section by allowing the elastomer 
to flow in to around the outer circumference of the protrud- 
ing section that is on the back surface of the second member 
via the through-hole. Accordingly, O-rings become 

55 unnecessary, and the number of components required is 
reduced Also, the work required to attach such components 
can be eliminated, and the overall amount of work to 
assemble two members into a single body is reduced. 
In the above structure, the external diameter of the cov- 

60 ering layer that is formed on the outer circumference of the 
protruding section is set so as to be larger than the internal 
diameter of the recessed section. 

In the present invention, the covering layer that covers the 
outer circumference of the protruding section can be formed 

65 so as to protrude from the tip end of the protruding section. 
By way of this structure, even if the external diameter of the 
covering layer that cover the outer circumference of the 



04/03/2004, EAST Version: 1.4.1 



US 6,543,788 B2 

3 4 

protruding section is slightly smaller than the internal diam- a circular shape when seen from above as seen from FIG. 

eter of the recessed section, the portion of the covering layer 1A. Furthermore, an opening hole 20 through which a screw 

that protrudes from the tip end of the protruding section 14 is passed is formed in the center of the bottom 16a of each 

forms a seal between the protruding section and recessed recessed section 16. In the above description, if the thickness 

section since it contacts the bottom of the recessed section. 5 °f tnc first member 10 is sufficiently large, there is no need 

,u « ♦ u u - r *u 10 form me cylindrical bodies 26 to project from the back 

Furthermore the firs member can be a part of the main surface of ^ ^ member 10 ^/J,^ o,e recessed 

body casing of an electric shaver, and the second member 16 m be formed [he of ^ 

can be a part of the outer panel of such a shaver. In this Q f ^ e member 10 

structure, the outer panel is fitted to the main body casing Qn ^ other hand ; ^ sewmd member 12 h fof 

thus providing a waterproof electnc shaver or a waterproof 10 § p i a , e .form external shape as seen from FIG. 2A, 

electnc shaver body. ^ a coy,.,^ i ayer (hereafter called the "front surface 

„„,_„ „„„„ wm , ...„...__ covering layer") 28 consisting of an elastomer is formed on 

BRIEF DESCRIPTION OF THE DRAWINGS me fro * F1G 2B ) Surface of the second member 

FIG. 1A is a top view that illustrates the structure of one 15 } 2 - Furthermore an empty cylindrical protruding section 18 

embodiment of a first member in the seal structure of the shown embodiment has ^o protruding sections 18 soas 

present invention, and FIG. IB is a front view thereof, t0 «>"«P°° d t0 * e reccsse . d }*> &ts .™ l ° £ e 

F ' ' recessed section 16 is formed on the back surface side of the 

FIG. 2A is a bottom view that illustrates the structure of sccond mcmber 12. The external diameter of the protruding 

one embodiment of a second member in the seal structure of sections 18 is set so as to be smaller than the internal 

the present invention, and FIG. 2B is a front view thereof; 20 diameter of the recessed section 16. 

FIG. 3 A is a bottom view that illustrates the structure of The characterizing feature of the present embodiment is 

one embodiment of a second member in the seal structure of that one or more through-holes 30 that pass entirely through 

the present invention with no covering layer formed thereon, the second member 12 are formed (beforehand) in positions 

and FIG. 3B is a front view thereof; located at the circumferential edges of the protruding sec- 

FIG. 4 is a sectional view taken along the line 4-4 in 25 !j° DS " cond member 12 as best seen from FIGS. 

FIG 2A- Moreover, the shown embodiment is also 

' characterized by the fact that tubular covering layers 

FIG. 5 is a sectional view of the protruding section and the (hereafter called "tubular covering layers") 32, that consist 

recessed section engaged when the first mcmber of FIGS. 1A 0 f same elastomer material as that of the front surface 

and IB and the second member of FIGS. 2A and 2B are 3Q covering layer 28, are formed on the outer circumferences of 

combined; the protruding sections 18 so that the tubular covering layers 

FIG. 6 is a sectional view of another embodiment of the 32 are continuous from the front surface covering layer 28 

tubular covering layer formed on the protruding section of via the through-holes 30. Since the tubular covering layers 

the second member; 32 and the front surface covering layer 28 are continuously 

FIG. 7 is a sectional view of the protruding section and the 35 formed via the through-holes 30, the tubular covering layers 

recessed section engaged when the second member of FIG. 32 > unlike the O-rings in the prior art, do not slip off of the 

6 is combined with the first member; protruding sections 18 even if an external force is applied to 

FIG. 8 is an exploded perspective view of the seal Uie tubular covering layers 32 m a duection that would cause 

structure of the present invention applied to a waterproof su ^ s "PP^S- , , , 

type electric shaver; and *o In the snown embodiment, two through-holes 30 are 

\™ ~ • „ provided. Only one through-hole 30 can be formed for each 

FIG. 9 is a sectional view of an engaged protruding ^ ^ ^ fa ^ to ^ ^ 

section and recessed section in a conventional seal structure. * laslomet to flow around ^ entire circumference 

DETAILED DESCRIPTION OF THE °^ eac ^ P rotru ding section 18 without any irregularity, it is 

INVENTION 45 more desirable t0 f orm a plurality of through-holes 30, i.e., 

two or three, at equal intervals around each protruding 

Preferred embodiments of the seal structure of the present section 18. 

invention will be described in detail below with reference to The tubular covering layers 32 are formed on the second 

the accompanying drawings. member 12 in the following manner. At the time of forming 

First, the structure of one embodiment of the first member 50 the front surface covering layer 28 on the front surface of the 

10 and second member 12 will be described with reference second member 12 by the same method (insert molding) as 

to FIGS. 1 through 3. The elements that are the same as those that used conventionally, molds (not shown) whose internal 

of the conventional example are labeled with the same cavities have a cylindrical shape are set so as to cover the 

reference numerals, and a detailed description of such con- areas around the protruding sections 18 in a concentric 

stituting elements is omitted. 55 arrangement, and the elastomer is then injected on the front 

As shown in FIG. 1A, the first member 10 has a plate- surface side of the second member 12. When the injected 

form external shape, and a recessed section 16 (the shown elastomer flows across the front surface of the second 

embodiment has two recessed sections 16) that opens on the member 12, this elastomer moves to the back side of the 

front surface side is formed in this first member 10. Because second member 12 via the through-holes 30 and fills the 

of the thickness of the first member 10 (or since the first <so tubular spaces formed between the outer circumferential 

member 10 has a small plate-thickness or merely a small surfaces of the protruding sections 18 and the inner surfaces 

thickness), the recessed sections 16 in this embodiment are of the molds that cover the protruding sections 18. As a 

formed inside cylindrical portions 26 that project from the result, the tubular covering layers 32 consisting of the 

back ("boUom" in FIG. 1A) surface of the first member 10. elastomer are formed on the outer circumferential surfaces 

The depth of the recessed sections 16 is greater than the 65 of the protruding sections 18. 

thickness of the first member 10 in the shown embodiment, The internal diameter of the molds that are used and cover 

and the recessed sections 16 are formed with, for example, the protruding sections 18 is larger (slightly larger) than the 
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internal diameter of the recessed sections 16, so that the protruding sections 18 (in other words the layers 36 extend 
external diameter of the molded tubular covering layers 32 inwardly) so as to cover at least a portion of the entire 
is larger (slightly larger) than the internal diameter of the circumferential tip end surface of each protruding section 
recessed sections 16. 18. With this structure, the spaces between the tip end 
When the front surface covering layer 28 and the tubular 5 surfaces of the protruding sections 18 and the bottoms of the 
covering layers 32, that are continuous as described above, recessed sections 16 are sealed by these end surface cover- 
are formed on the second member 12 as shown in FIGS. 2A m S lavers 36 - 

and 2B, the second member 12 is assembled with the first FIG. 8 illustrates the seal structure of the present inven- 

member 10. This is done so that the protruding sections 18 lion applied to a waterproof type electric shaver, 

are fitted into the recessed sections 16 (as in the conventional 1° In this shaver, the above-described first member 10 is a 

example). In other words, the tubular covering layers 32 of part of the main body casing (e.g., the front side of a main 

the second member 12 are pushed into the recessed sections body casing) of the waterproof type electric shaver, and the 

16 of the first member 10. Consequently, as seen from FIG. second member 12 is an outer panel of the shaver and is 

5, the outer circumferential surfaces of the tubular covering fitted on the first member (the main body casing) 10. 

layers (only one layer is shown) 32 formed on the outer 15 More spe cifically, a cosmetic layer formed on the front 

circumferential surfaces of the protruding sections (only one surface of the above-described second member (the outer 

protruding section is shown) 18 make an overall surface pane i) u is the front surface covering layer 28 consisting of 

contact with the inner circumferential surfaces of the m elastomer, and the tubular covering layers 32 are formed 

recessed sections 16. Since the elastomer forming the tubu- on tnc outcr circumferential surfaces of the protruding 

lar covering layers 32 has a rubber-like elasticity, this 20 sect i 0QS ig 0 f me second member (the outer panel) 12. As 

elastomer covering layers 32 form an airtight or watertight described above, the tubular covering layers 32 are formed, 

seal between the protruding sections 18 and recessed sec- m continuation from the cosmetic layer, on the front surface 

tions 16 of the first and second members in the same manner covering layer. 28 via the through-holes 30 (not shown in 

O -rings. FIG. 8) that are formed at the circumferential edges of the 

The tubular covering layers 32 in this embodiment have 25 protruding sections 18 of the outer panel 12. 

the same or constant external diameter along the axial The recessed sections 16 equal in number to the protrud- 

direction of the protruding sections 18 as shown by the solid ing sections 18 are formed in the front surface of the main 

lines in FIG. 4 (only one protruding section 18 is shown). body casing (the first member) 10 so as to positionally 

However, in order to increase the sealing performance, one correspond to the protruding sections 18. 

or more ring-form projections 34 that extend in the circum- 30 When the outer panel (second member) 12 is mounted on 

ferential direction on the outer circumferential surfaces of the front surface of the body casing (first member) 10 by 

the tubular covering layers 32 as shown by the dotted lines ntl i n g tne protruding sections 18 into the recessed sections 

in FIG. 4 can be formed. 16, the spaces between the protruding sections 18 and the 

As seen from the above, in the shown embodiment, the 35 recessed sections 16 are sealed by the tubular covering 
diameter of the tubular covering layers 32 formed on the layers 32 formed on the protruding sections 18. The water- 
protruding sections 18 is set so that the outer circumferential proof characteristics of the screw-fastened portions are 
surfaces of the tubular covering layers make a surface-to- formed and maintained. 

surface contact with the inner circumferential surfaces of the The above description is made with reference to a water- 
recessed sections 16. As a result, the tubular covering layers 4Q proof type electric shaver. However, the seal structure of the 
32 form a seal between the protruding sections 18 and present invention can naturally be used in other household 
recessed sections 16. In this structure, the length of the electrical appliances. 

tubular covering layers 32 in the axial direction of the [ n th e embodiments above, the cross-sectional shape of 

protruding sections 18 may be shorter than the length of the the outside surfaces of the protruding sections 18 in the axial 

protruding sections 18, equal to the length of the protruding 45 direction and the cross-sectional shape of the inside surfaces 

sections 18, or longer than the length of the protruding 0 f the recessed sections 16 are both circular. However, the 

sections 18. present invention is indeed applicable to other shapes. The 

The tubular covering layers 32 can be formed so as to be protruding sections 18 and the recessed sections 16 can be 

longer than the length of the protruding sections 18 as showo elliptical or polygonal shape, for instance, 

in FIG. 6. In other words, the tip ends of the tubular covering 50 With the seal structure of the present invention, when the 

layers 32 protrude from the tip end surfaces of the protruding protruding sections of a second member are inserted into the 

sections 18, and the length of the tubular covering layers 32 recessed sections of a first member, the covering layers that 

is greater than the depth of the recessed sections 16. With cover the outer circumferences of the protruding sections 

this structure, the tip ends of the tubular covering layers 32 contact tightly to bom the outer circumferential surfaces of 

contact the bottoms of the recessed sections 16 when the 55 the protruding sections of the second member and the inner 

protruding sections 18 of the second member 12 are inserted circumferential surfaces of the recessed sections of the first 

into the recessed sections 16 of the first member 10 as shown member. As a result, the spaces between the protruding 

in FIG. 7. Accordingly, a seal is further formed between the sections and recessed sections are sealed. When the covering 

tip ends of the tubular covering layers 32 and the bottoms of layer is formed on the front surface of the second member 

the recessed sections 16. In other words, in this embc<liment, 60 by insert molding using elastomer, covering layers can be 

sealing can be formed even if the external diameter of the simultaneously formed on the outer circumferences of the 

tubular covering layers 32 is smaller than the internal protruding sections formed on the back side of the second 

diameter of the recessed sections 16. member by way of causing the elastomer to flow onto the 

Furthermore, as shown by the dotted fines in FIG. 6, end outer circumferences of the protruding sections via through- 
surface covering layers 36 can be formed on the tip ends of 65 holes. 

the tubular covering layers 32. The end surface covering Accordingly, O-rings are no longer unnecessary; and 

layers 36 bend and extend towards the end surfaces of the therefore, the number of components forming a sealing 
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structure is small. Also, the work required for assembling 
such components is eliminated, and the overall amount of 
work required can be reduced. 
What is claimed is: 

1. A seal structure between a first member that has a 
recessed section and a second member that has a protruding 
section on a rear surface thereof and is provided on a front 
surface thereof with a covering layer consisting of an 
elastomer so that said protruding section is inserted into said 
recessed section, wherein 
said second member is provided with a through-hole that 
passes through said second member, said through-hole 
being formed at a position located on a circumferential 
edge of said protruding section of said second member, 
and 

said second member is further provided with a tubular 
covering layer consisting of said elastomer, said tubular 
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covering layer being formed on an outer circumference 
of said protruding section so that said tubular cover 
layer is in continuation of said covering formed on said 
front surface of said second member via said through- 
5 hole. 

2. The seal structure according to claim 1, wherein an 
external diameter of said tubular covering layer that covers 
said outer circumference of said protruding section is larger 

10 than an internal diameter of said recessed section. 

3. The seal structure according to claim 1, wherein said 
tubular covering layer that covers said outer circumference 
of said protruding section is formed so as to protrude from 

15 a tip end surface of said protruding section. 
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